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(54) Computer-assisted knee arthroplasty system 

(57) A system is disclosed for use by a surgeon dur- 
ing implantation in a patient of a tibial implant and of a 
femoral implant in the course of a knee replacement op- 
eration. It comprises a navigation computer (1) whose 
memory is arranged to hold data relating to size and 
shape of at least one tibial implant and at least one fem- 
oral implant as well as data obtained during pre-opera- 
tive scanning of the patient relating to the tibia (T) and 
femur (F) of the patient and also data relating to the three 
dimensional position and orientation of at least one bone 
selected from the patient's tibia and the patient's femur 
obtained during the course of the l<nee replacement op- 
eration. It also includes registration means for register- 
ing the three dimensional position and orientation of the 
patient'stibia and/or femur during the course of the knee 
replacement operation, as well as detector means 
(8,9,1 6) connected to the computer and operatively cou- 
pled to the registration means for detecting the position 
and orientation of the at least one bone. The system fur- 
ther includes tensor means (26) for applying tension to 
the ligaments of the patient's knee in flexion or in exten- 
sion after resection of the patient's tibia. Moreover the 
computer is programmed to display on the computer's 
screen (3), inter alia, one or more images derived from 
data held in the memory of the computer and depicting 
the position and orientation, including the patient's tibia 
(T) before or after resection and the patient's femur (F) 
with the knee tensed by the tensor means (26) in flexion 
or in extension, with or without potential planes of cut 
for resection of the patient's femur (FA,F^) and/or with 
the tibial component and/or the femoral component as 
it will appear after implantation thereof. 
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Description 

[0001] This invention relates to a surgical system, 
nnore particularly to a surgical systenn and apparatus for 
use in the course of a knee replacement operation. 
[0002] Navigation and robot systems are becoming 
an increasingly interesting area of technology in use for 
knee replacement. Several systems exist for navigation 
of the knee to aid alignment of the standard total knee 
bone cuts, in use of such systems the first step isforthe 
patient to be scanned pre-operatively using computer 
aided tomography (or CT) techniques. In this way the 
three dimensional "form" of the patient's bones is stored 
in a computer's memory, In addition three dimensional 
data for the knee implant to be used by the surgeon, or 
for a range of possible knee implants which could be 
used by the surgeon, is also stored in the computer's 
memory. 

[0003] During the knee replacement operation an im- 
age of the bones is displayed on a computer screen to 
the surgeon who has control of the computer at the op- 
erating table. A process to register the patient's actual 
bones from particular landmarks is undertaken which al- 
lows sensors fixed to the bones to coordinate the screen 
image with the patient. Bone cuts can then be made to 
suit the implant after sizing and judging the positions of 
the components on the computer screen. 
[0004] A basic technique thus provides that each of 
the components of the implant has controlled orientation 
relative to the bone onto which it will be implanted. This 
"landmark" technique replicates most existing systems 
for knee replacement that do not involve such a compu- 
ter. 

[0005] Without a computer the sizing and positioning 
are done with relatively simple alignment fixtures. Thus, 
the navigation computer is adding little other than time 
and cost to the process. 

[0006] Some systems can go on to so called "robot" 

cutting of the bones from the data available. 
[0007] The known navigation process does not allow 
for correctly positioning the components such that the 
patient's soft tissues are correctly balanced in the two 
vitally important aspects required in successful total 
knee replacement. The first is to ensure that, at full ex- 
tension of the knee, the medial and lateral tissues are 
correctly tensioned in an anatomically aligned knee. The 
second aspect is to ensure that the implants are chosen 
for size and positioned on the skeleton to ensure the 
correct balance of soft tissue tensions in both the ex- 
tended and flexed knee. 

[0008] There is therefore a need for a surgical appa- 
ratus for enabling computer navigation during a knee re- 
placement operation which enables the surgeon to en- 
sure that, at full extension of the knee, the medial and 
lateral tissues are correctly tensioned in an aligned 
knee. In addition there is a need to provide a surgical 
apparatus which will enable a surgeon to select, using 
a navigation computer, an implant having optimum di- 



mensions and to implant this in optimal fashion in the 
patient's skeleton so as to ensure that there is the cor- 
rect balance of soft tissue both in the extended knee and 
in the flexed knee. 

5 [0009] The invention accordingly seeks to provide a 
navigation apparatus which will enable a surgeon to en- 
sure that, at full extension of the knee, the medial and 
lateral tissues are correctly tensioned in an aligned 
knee. In addition the invention seeks to provide a surgi- 

10 cal apparatus which will enable a surgeon to select, us- 
ing a navigation computer an implant having optimum 
dimensions and to implant this in optimal fashion in the 
patient's skeleton so as to ensure that there is the cor- 
rect balance of soft tissue both in the extended knee and 

^5 in the flexed knee. 

[0010] The invention accordingly provides a system 
for use by a surgeon during implantation in a patient of 
a tibial implant and of a femoral implant in the course of 
a knee replacement operation, the system comprising: 



20 

a computer having memory for holding data relating 
to size and shape of at least one tibial implant and 
at least one femoral implant as well as data ob- 
tained during preoperative scanning of the patient 

25 relatingtothetibiaandfemurof the patient and also 
data relating to the three dimensional position and 
orientation of at least one bone selected from the 
patient's tibia and the patient's femur obtained dur- 
ing the course of the knee replacement operation; 

30 display means for displaying images derived from 
data held in the memory of the computer relating to 
the patient's tibia, to the patient's femur, to the at 
least one tibial implant, and to the at least one fem- 
oral implant; 

35 registration means for registering the three dimen- 
sional position and orientation of the at least one 
bone during the course of the knee replacement op- 
eration; 

detector means connected to the computer and op- 
40 eratively coupled to the registration means for de- 
tecting the position and orientation of the at least 
one bone and for supplying to the memory of the 
computer data relating to the three dimensional po- 
sition and orientation of at least one bone selected 
45 from the patient's tibia and the patient's femur ob- 
tained during the course of the knee replacement 
operation; and 

tensor means for applying tension to the ligaments 
of the patient's knee in flexion or in extension; 
50 the computer being programmed to display on the 
display means. Inter alia, one or more of the follow- 
ing images derived from data held in the memory of 
the computer and depicting the position and orien- 
tation of:- 

55 

(i) the patient's tibia and the patient's femur with 
the knee tensed by thetensor means in flexion; 
(11) the patient's tibia and the patient's femur 
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with the knee tensed by the tensor means in 
extension; 

(iii) the patient's tibia and the patient's femur 
with the knee tensed by the tensor means in 
flexion and potential planes of cut for resection 5 
of the patient's femur; 

(iv) the patient's tibia and the patient's femur 
with the knee tensed by the tensor means in 
extension and potential planes of cut for resec- 
tion of the patient's femur; 

(v) the patient's tibia and the patient's femur 
with the knee tensed by the tensor means in 
flexion and with at least one component select- 
ed from the tibial component and the femoral 
component as it will appear after implantation 
thereof; and 

(vi) the patient's tibia and the patient's femur 
with the knee tensed by the tensor means in 
extension and with at least one component se- 
lected from the tibial component and the femo- 20 
ral component as it will appear after implanta- 
tion thereof. 



[0011] In a preferred system according to the inven- 
tion the registration means comprises first marker 25 
means for attachment to the patient's tibia, second 
marker means for attachment to the patient's femur, and 
pointer means for touching significant features on the 
patient's tibia and femur, the first marker means, the 
second marker means, and the pointer means being all 30 
adapted for operative coupling to the detector means. 
In such a system the detector means can comprise an 
infra-red camera, while the first marker means, the sec- 
ond marker means, and the pointer means each carry 
infra-red reflector means. Alternatively the detector 35 
means may comprise an ultrasonic emitter or receiver, 
whereas the first marker means, the second marker 
means, and the pointer means each carry ultrasonic re- 
flector or emitter means. 

[001 2] The tensor means is adapted for effecting dis- 40 
traction of the patient's knee joint in the course of the 
knee replacement operation, either before or after re- 
section of the patient's tibia. Thus its function is to sep- 
arate the ends of the tibia and femur and to tension the 
ligaments of the knee. Normally it will be preferred for ^5 
the tensor means to be adapted for use after resection 
of the patient's tibia. Thus the tensor means may com- 
prise an inflatable balloon. Alternatively it can be a hy- 
draulic bag, a mechanical device having two parallel 
motion paddles, a mechanical device having a swivel- 50 
ling motion top paddle, a mechanical device having sep- 
arate medial and lateral top paddles, a mechanical de- 
vice having one central arm on to the femur, or a me- 
chanical device having only a medial separation. 
[0013] The display means can be a conventional com- ss 
puter screen if the computer is supplied with a keyboard. 
Alternatively the display means may comprise a touch 
operated screen. By placing the touch operated screen 



in the operating room within the reach of the surgeon 
the computer can be under the control of the surgeon 
who can call up at will the images that he wishes to in- 
spect for the purpose of monitoring the status of the 
knee replacement operation and for planning his next 
move. 

[0014] The invention addresses soft tissue balancing 
of the knee in both flexion and extension whilst aided by 
the use of computer navigation and a physical distrac- 
tion of the knee joint. 

[001 5] In another aspectthe invention relates to a sys- 
tem for use by a surgeon during a knee replacement 
operation, the system comprising: 

a computer having memory for holding data relating 
to size and shape of at least one tibial implant and 
at least one femoral implant as well as data ob- 
tained during pre-operative scanning of the patient 
relating to the tibia and femur of the patient and also 
data relating to the three dimensional position and 
orientation of at least one bone selected from the 
patient's tibia and the patient's femur obtained dur- 
ing the course of the knee replacement operation; 
display means for displaying images derived from 
data held in the memory of the computer relating to 
the patient's tibia, to the patient's femur, to the at 
least one tibial implant, and to the at least one fem- 
oral implant; and 

detector means connected to the computer and op- 
eratively coupled to registration means for register- 
ing the three dimensional position and orientation 
of the at least one bone during the course of the 
knee replacement operation, the detector means 
supplying to the computer data relating to the three 
dimensional position and orientation of the at least 
one bone; 

the computer being programmed to display on the 
display means, inter alia, one or more of the follow- 
ing images derived from data held in the memory of 
the computer and depicting the position and orien- 
tation of:- 

(i) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in flexion; 

(ii) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in extension; 

(iii) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in flexion and poten- 
tial planes of cut for resection of the patient's 
femur; 

(iv) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in extension 
and potential planes of cut for resection of the 
patient's femur; 
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(v) the patient's tibia and the patient's fennur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in flexion and with at 
least one component selected from the tibial 
component and thefemoral componentas it will 
appear after implantation thereof; and 

(vi) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in extension 
and with at least one component selected from 
the tibial component and the femoral compo- 
nent as it will appear after implantation thereof. 

[001 6] The invention also extends to a computer pro- 
gram for controlling a computer forming part of a system 
for use by a surgeon during a knee replacement opera- 
tion, the system comprising: 

a computer having memory for holding data relating 
to size and shape of at least one tibial implant and 
at least one femoral Implant as well as data ob- 
tained during pre-operative scanning of the patient 
relating to the tibia andfemur of the patient and also 
data relating to the three dimensional position and 
orientation of at least one bone selected from the 
patient's tibia and the patient's femur obtained dur- 
ing the course of the knee replacement operation; 
display means for displaying images derived from 
data held in the memory of the computer relating to 
the patient's tibia, to the patient's femur, to the at 
least one tibial implant, and to the at least one fem- 
oral implant; and 

detector means connected to the computer and op- 
eratively coupled to registration means for register- 
ing the three dimensional position and orientation 
of the at least one bone during the course of the 
knee replacement operation, the detector means 
supplying to the computer data relating to the three 
dimensional position and orientation of the at least 
one bone; 

the computer program being recorded on a record- 
ing medium and arranged to display on the display 
means, inter alia, one or more of the following im- 
ages derived from data held in the memory of the 
computer and depicting the position and orientation 
of:- 

(i) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in flexion; 

(ii) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in extension; 

(iii) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in flexion and poten- 
tial planes of cut for resection of the patient's 
femur; 



(iv) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in extension 
and potential planes of cut for resection of the 

5 patient's femur; 

(v) the patient's tibia and the patient's femur be- 
fore or after resection of the tibia with the knee 
tensed by a tensor means in flexion and with at 
least one component selected from the tibial 

10 component and the femoral component as it will 

appear after implantation thereof; and 

(vi) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in extension 

IS and with at least one component selected from 

the tibial component and the femoral compo- 
nent as it will appear after implantation thereof. 

[0017] In order that the invention may be clearly un- 
20 derstood and readily carried into effect a preferred em- 
bodiment thereof, and its method of use, will now be de- 
scribed, by way of example only, with reference to the 
accompanying diagrammatic drawings, wherein :- 

25 Figure 1 is a perspective diagrammatic view of the 
femur and tibia of a patient undergoing a knee re- 
placement operation and equipment in accordance 
with the invention which is utilised by the surgeon 
for effecting navigation of the knee during the oper- 
30 ation; 

Figure 2 is a similar view to that of Figure 1 illustrat- 
ing the affixing of a cutting block to the patient's tibia; 
Figure 3 is a similar view to those of Figures 1 and 
2 illustrating physical distraction of the knee joint in 
35 flexion following the making of the tibial cut by the 
surgeon; 

Figure 4 is a similar view showing the knee in ex- 
tension undergoing physical distraction with an an- 
terio-posterior view on the computer screen; 
40 Figure 5 is a view of the computer screen showing 
a lateral view of the knee corresponding to the view 
of Figure 4; 

Figure 6 is computer screen view showing an ante- 
rio-posterior view of the patient's knee in flexion; 
45 Figure 7 is a lateral view corresponding to that of 
Figure 6; and 

Figure 8 illustrates the affixing of cutting blocks to 
the femur for making the necessary cuts to accom- 
modate the selected femoral component of the 
50 knee prosthesis. 

[0018] Referring to the drawings, Figure 1 illustrates 
a navigation computer 1 linked by a suitable lead 2 to a 
touch operated screen monitor 3. A pair of infra-red 
55 cameras 4, 5 are connected as indicated at 6, 7 to the 
screen 3. The patient's knee joint is exposed surgically 
in conventional fashion so as to expose the relevant por- 
tions of the patient's tibia T, and femur F. The patient's 
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fibula L is also shown. However, tine patient's tendons, 
blood vessels, patella, skin, fat, and muscle are not in- 
dicated in Figure 1 or in any of the other Figures. Pins 
8, 9 fitted with infra-red sensors or reflectors 1 0, 11 , 12, 
13, 14, and 15 are surgically attached to the patient's 5 
fennurF and tibia T respectively. Also illustrated in Figure 
1 is a hand-held pointer 1 6 which is also provided with 
a pin 1 7 fitted with infra-red sensors or reflectors 18,19, 
and 20. 

[0019] Infra-red cameras 4, 5 map the positions of the io 
sensors 1 0 to 1 2, 1 3 to 1 5, and 1 8 to 20 and the com- 
puter 1 is programmed so as to be able to display the 
positions of these sensors and to compute the corre- 
sponding positions of femur F and tibia T for display to 
the surgeon on screen 3. The computer's memory also 
holds images of the patient's leg obtained prior to the 
operation by computer aided tomography, as well as in- 
formation about the available ranges of sizes of femoral 
and tibial components of the model of knee implant that 
the surgeon has decided to use. 20 
[0020] Figure 2 illustrates a first stage in the knee 
prosthesis Implantation operation. A drill 21 is used to 
drill holes in the patient's tibia T to receive pins 22 to 
hold in place a tibial cutting block 23 which has holes 24 
to receive pins 22 and a slot 25 for a saw for making the 25 
tibial cut. Computer screen 3 shows on the left side an 
anterio-posterior view of the top of the patient's tibia 
T and, on the right hand side, a lateral view T"" of the 
patient's tibia T. In addition screen 3 indicates at his 
stage of the operation the plane P""" that is required by 30 
the design of femoral component of the implant selected 
for use by the surgeon. 

[0021] In Figure 3 there is shown the next stage of the 
operation. An inflatable balloon 26 has been inserted 
between the patient's femur F and resected tibia T. Bal- 35 
loon 26 can be inflated through tube 27 by means of a 
hand held bulb 28 which is provided with a pressure re- 
lease valve 29 by means of which the inflated balloon 
26 can be deflated to permit its removal from the pa- 
tient's knee joint. Screen 3 shows on the left side an an- 40 
terio-posterior view of the patient's resected tibia T and 
femur F, while on the right side of the screen there is 
shown a corresponding lateral view. 
[0022] Figure 4 shows the patient's knee in extension 
with the inflated balloon 26 in position. Screen 3 shows 
an anterio-posterior view of the patient's knee joint in 
this condition. Figure 5 shows screen 3 displaying the 
patient's knee in lateral view corresponding to Figure 4. 
[0023] In Figure 6 there is shown the screen display 
on an enlarged scale indicating the tibia-femur space di so 
on an anterio-posterior view of the patient's knee in flex- 
ion after the surgeon has made the tibial cut pT. The 
amount of permissible rotation of the femur is indicated 
by 9 in Figure 6. The plane of the already made tibial cut 
P""" is also shown in Figure 6. As will be appreciated by ss 
those skilled in the art, by rotating the femur F, the spac- 
ing at the medial condyle and the lateral condyle Cl- 
ean be adjusted by appropriate rotation of the patient's 



femur F. Also indicated in Figure 6 is a possible plane 
F^fortheanteriorfemoral cutto be made by the surgeon 
and a possible position for the posterior cut F^ to be 
made by the surgeon in the patient's femur. 
[0024] Figure 7 shows a lateral view corresponding to 
that of Figure 6. In this view there are included the over- 
all implant size P, the tibia thickness assessment T""", 
the tibia-femur space d^, and the femur cut size F^. 
These lines are added to the display by the computer 
program which uses the data loaded into the navigation 
computer's memory for this purpose. 
[0025] In Figure 8 there is shown a further view of the 
patient's knee in the flexed position, illustrating how the 
surgeon uses the drill 21 to attach temporarily to the pa- 
tient's femur F a cutting block 26 which is located in po- 
sition on the patient's femur by means of pins 27, only 
one of which is visible in Figure 8. Block 26 is provided 
with slots 28, 29, 30 and 31 by means of which the sur- 
geon can make the planned anterior cut F^ and the 
planned posterior cut F^. 

[0026] Having made the anterior cut F^ and the pos- 
terior cut pP, the surgeon can then fit a further cutting 
block 32 to the patient's femur F, using drill 21 (as indi- 
cated at 21 ') to drill holes for pins 33 which are received 
in holes 34 in block 32. During this part of the operation 
block 26 is still in place on the patient's femur F and is 
used as a guide to position the block 32. Slot 35 in block 
32 permits the surgeon to make the distal cut in the pa- 
tient's femur F. 

[0027] The system of the invention can be used in the 
following manner: 

1 . The patient's leg is CT scanned and entered into 
the memory of the navigation computer 1 in the nor- 
mal way provided by the systems available. 

2. The knee is exposed in the normal way including 
removal of osteophytes and obvious soft tissue ad- 
hesions. The anterior cruciate is divided, if present, 
assuming that the intended implant cannot accom- 
modate this ligament. The posterior cruciate liga- 
ment may be resected also at the choice of the sur- 
geon. 

3. The navigation landmarks for the end of the fe- 
mur, the end of the tibia and the patella are regis- 
tered as normal practice with the relevant system. 
For this purpose the surgeon can affix pins 8 and 9 
to the patient's femur F and tibia T respectively and 
register pins 8 and 9 using pointer 1 6 and the mark- 
ers 1 8 to 20 mounted thereon to indicate by means 
of the infra-red cameras 4 and 5 to the computer 1 
the position of pins 8 and 9 in relation to the infra- 
red cameras 4 and 5. The infra-red cameras 4 and 
5 can then track markers 1 0 to 1 2, 1 3 to 1 5, and 1 8 
to 20, while computer 1 stores the relevant data pro- 
vided by cameras 4 and 5 to permit the position and 
orientation of the tibia T and femur F to be displayed 
on the computer screen 3. This step is illustrated in 
Figure 1 . 
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4. The computer 1 is then used to evaluate the tibia 
resection by establishing the plane P""" that is re- 
quired by the implant, e.g. a 7° posterior slope, and 
to cut just below the principal defect. If there is little 
erosion, the plane P""" is set at about 4 mm below 5 
the medial condyle C^. Cutting block 23 is posi- 
tioned and fixed onto the tibia T using the computer 

1 and its navigation process and the tibia T resect- 
ed, as indicated in Figure 2. Hence pointer 16 can 
be moved over the surface of tibia T and femur F io 
until its position in the image on the computer 
screen 3 corresponds to the correct position for the 
tibial cut to be made on the plane P""", Alternatively, 
a robot driven by the computer 1 may be used to 
resect the tibia T on the chosen plane P""". ^5 

5. The l<nee is explored posteriorly for adhesions on 
the femur F and tibia T especially if there was any 
kind of fixed deformity, such as flexion, valgus or 
varus. 

6. A physical spacer, such as inflatable balloon 26, 20 
is applied to the flexed knee, as illustrated in Figure 

3, so that it is tensed gently but sufficiently to open 
the knee on the medial side to achieve the degree 
of tension (A-P drawer) that is closest to the normal 
knee tested this way. Instead of using inflatable bal- 25 
loon 26, other forms of physical spacer or tensor 
can be used. Thus, for example, a hydraulic bag 
could be used in place of inflatable balloon 26. Al- 
ternatively it could be a mechanical device having 
two parallel motion paddles, or a swivelling motion 30 
top paddle, or separate medial and lateral top pad- 
dles, or one central arm on to the femur, or only a 
medial separation. In use of any of these physical 
spacers, the physical spacer should be designed so 
as to be able to be locked in the desired open posi- 35 
tion. The spacer preferably also has a measure- 
ment scale to allow a direct reading of the gap ob- 
tained; this may optionally be linked into the com- 
puter 1 for display and/or for use as part of the fur- 
ther surgical procedure to be described below. 40 

7. The navigation computer 1 is then consulted, as 
indicated in Figures 4 and 5, for the space d^ (see 
Figure 6) between the bones as recorded by the 
spacer26toverify one against the other. The flexion 
angle of the knee is adjusted to achieve a parallel ^5 
line between the anterior femur as viewed from the 
side and the cut tibia. The computer view with align- 
ment lines as illustrated in Figures 6 and 7 can as- 
sist in this. 

8. A distal view onto the femur, as illustrated in Fig- so 
ure 6, is then chosen on the computer screen 3 and 
the rotation 0 of the femur F assessed. If the implant 
design requires, or the surgeon chooses, a partic- 
ular external rotation, the computer 1 can be adjust- 
ed to make such allowance. Alternatively the spacer ss 
26 can be adjusted to register the chosen rotation 

on the computer screen 3 again using lines or an- 
gles displayed. 



9. This flexion position is locked into the computer 
memory with particular attention to the relative three 
dimensional orientations and positions of the femur 
F and tibia T. 

10. Thetensor26 is released, the knee fully extend- 
ed and the tensor 26 reinserted into the knee and 
tensioned again. The tensor 26 in this position is 
preferably free to allow the leg alignment to be dic- 
tated by the patient's ligaments. If a mechanical 
spacer is used, it should rotate between its two pad- 
dles, one on the tibia T and the other on the distal 
femur F. Alternatively, two paddles could independ- 
ently sit onto the femoral condyles C"^ and C"-, or 
one could sit between the condyles C"^ and C"-, 

11 . In this position with the knee "tensed" it should 
feel stable. The computer 1 can now be consulted 
to assess full extension which should be adjusted 
on the patient, if necessary. The valgus/varus align- 
ment is then checked on the computer screen 3. If 
there is a valgus or varus deformity between the 
nomnal alignment of hip, knee and ankle centre it 
will be seen on the computer alignment. Any such 
deformity can be checked against the contra-lateral 
leg if it is regarded as normal. Any unsatisfactory 
alignment indicates fixed soft tissues that will re- 
quire a soft tissue release procedure. This may be 
performed with the spacer 26 removed, then the 
alignment should be re-assessed with the spacer 
26 replaced. The tight tissues may be palpated 
whilstthe spacer26 is in place. Thecomputer 1 may 
be programmed to display a help screen to show 
the most likely and best sequence of tissue releases 
to be made. 

12. Once the alignment is satisfactory and full ex- 
tension is confirmed with the spacer 26 in place and 
providing a stable leg the computer 1 again is in- 
structed to record the orientations in three dimen- 
sions of the femur F and the tibia T. 

13. The knee can now be relaxed and the navigation 
computer 1 consulted to choose the optimum im- 
plant configuration for this patient. The two posi- 
tions recorded above relate to the bone orienta- 
tions, positions, and their relative positions inflexion 
and extension. The computer 1 also knows the im- 
plant geometry, and component thicknesses. With 
this information the component sizes can be calcu- 
lated and the three dimensional positions of both 
the femoral implant and also the tibial implant easily 
fixed. The surgeon's judgement will be required to 
help in this process with options, for example on ad- 
justing the femur anterior/posterior (AP) size 1° and 
tibia thickness T""". For this purpose the computer 1 
can be programmed to follow the following se- 
quence of steps :- 

(a) The femur F is sized from the anterior cortex 

to the posterior condyles, via a template or di- 
mensions of the different sizes of femoral im- 
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plant available; a lateral and distal view can be 
displayed on one screen and the size and po- 
sition in both planes chosen. 

(b) The lateral view of the femur and thefemoral 
component in this position will then be used 5 
with the tibia in its tensed position to size the 
tibial component thickness T"^. 

(c) This tibial component thickness T""" will then 
be modelled on the tibia T in the extended 
tensed knee view and the femoral component io 
position adjusted proximal ly/distally to fit the 
extended space. 

(d) These steps are stored in the memory of 
computer 1 and complete the choice and posi- 
tion of the tibial and femoral components with ^5 
relation to fully balancing the two important el- 
ements in replacing the knee. 

14. The femur cuts can then be made with the aid 

of computer 1 by navigation and/or using a robot to 20 
suit the relevant femoral and tibial components. 

15. The spacer 26 can be used again after making 
the cuts to confirm the process of "balancing" and 
alignment on the computer 1 . This may be especial- 
ly useful if a considerable fixed deformity was 25 
present. In this instance, preliminary cuts could be 
made to help perform releases. The computer 1 
could be used to indicate safe preliminary cut levels. 

16. Tibia and femur implant fixation holes or fea- 
tures can be fixed from the navigation system. By 30 
again fitting the spacer 26, or fitting a tibia trial with- 
out fixation features and a femur trial, the extension, 
flexion and deep flexion positions can be assessed 

on the computerscreen 3 and the ideal tibia position 
fixed. 35 

1 7. The fixation holes or features, for example, the 
holes for pins 22 and 33, can then be made in the 
bone by computer navigation positioning of an in- 
strument, or by robot. 

1 8. The implants chosen by the computer 1 can be 40 
trialed for confirmation and fixed in the usual way. 

19. The freedom between the components, leg 
alignment, and three dimensional positions can be 
further assessed on the computer screen 3 at this 
stage, recorded in the memory of computer 1 , and ^5 
used for further analysis. This method should en- 
sure that the two trialed positions with the physical 
spacer 26 in flexion, then extension, and as record- 
ed by the navigation computer 1 , are reproduced 
with the implant. so 



Claims 

1 . A system for use by a surgeon during implantation ss 
in a patient of a tibial implant and of a femoral im- 
plant in the course of a knee replacement operation, 
the system comprising: 



a computer having memory for holding data re- 
lating to size and shape of at least one tibial 
implant and at least one femoral implant as well 
as data obtained during pre-operative scanning 
of the patient relating to the tibia and femur of 
the patient and also data relating to the three 
dimensional position and orientation of at least 
one bone selected from the patient's tibia and 
the patient's femur obtained during the course 
of the knee replacement operation; 
display means for displaying images derived 
from data held in the memory of the computer 
relating to the patient's tibia, to the patient's fe- 
mur, to the at least one tibial implant, and to the 
at least one femoral implant; 
registration means for registering the three di- 
mensional position and orientation of the at 
least one bone during the course of the knee 
replacement operation; 

detector means connected to the computer and 
operatively coupled to the registration means 
for detecting the position and orientation of the 
at least one bone andforsupplyingtothe mem- 
ory of the computer data relating to the three 
dimensional position and orientation of at least 
one bone selected from the patient's tibia and 
the patient's femur obtained during the course 
of the knee replacement operation; and 
tensor means for applying tension to the liga- 
ments of the patient's knee in flexion or in ex- 
tension; 

the computer being programmed to display on 
the display means, inter alia, one or more of the 
following images derived from data held in the 
memory of the computer and depicting the po- 
sition and orientation of:- 

(i) the patient's tibia and the patient's femur 
with the knee tensed by the tensor means 
in flexion; 

(ii) the patient's tibia and the patient's femur 
with the knee tensed by the tensor means 
in extension; 

(ill) the patient's tibia and the patient's fe- 
mur with the knee tensed by the tensor 
means in flexion and potential planes of cut 
for resection of the patient's femur; 

(iv) the patient's tibia and the patient's fe- 
mur with the knee tensed by the tensor 
means in extension and potential planes of 
cut for resection of the patient's femur; 

(v) the patient's tibia and the patient's fe- 
mur with the knee tensed by the tensor 
means in flexion and with at least one com- 
ponent selected from the tibial component 
and the femoral component as it will ap- 
pear after implantation thereof; and 

(vi) the patient's tibia and the patient's fe- 
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mur with the knee tensed by the tensor 
means in extension and with at least one 
component selected from the tibial compo- 
nent and the femoral component as it will 
appear after implantation thereof. s 

2. A system according to claim 1 , wherein the regis- 
tration means comprises first marker means for at- 
tachment to the patient's tibia, second marker 

means for attachment to the patient's femur, and io 
pointer means for touching significant features on 
the patient's tibia and femur, and wherein the first 
marker means, the second marker means, and the 
pointer means are all adapted for operative cou- 
pling to the detector means. ^5 

3. A system according to claim 2, wherein the detector 
means comprises an infra-red camera, and wherein 
the first marker means, the second marker means, 
and the pointer means each carry infra-red reflector 20 
means. 

4. A system according to claim 2, wherein the detector 
means comprises an ultrasonic emitter or receiver, 
and wherein the first marker means, the second 25 
marker means, and the pointer means each carry 
ultrasonic reflector or emitter means. 

5. A system according to any one of claims 1 to 4, 
wherein the tensor means comprises an inflatable 30 
balloon. 

6. A system according to any one of claims 1 to 4, 
wherein the tensor means is selected from a hy- 
draulic bag, a mechanical device having two paral- 35 
lei motion paddles, a mechanical device having a 
swivelling motion top paddle, a mechanical device 
having separate medial and lateral top paddles, a 
mechanical device having one central arm on to the 
femur, and a mechanical device having only a me- 40 
dial separation. 

7. A system for use by a surgeon during a knee re- 
placement operation, the system comprising: 

45 

a computer having memory for holding data re- 
lating to size and shape of at least one tibial 
implant and at least one femoral implant as well 
as data obtained during pre-operative scanning 
of the patient relating to the tibia and femur of so 
the patient and also data relating to the three 
dimensional position and orientation of at least 
one bone selected from the patient's tibia and 
the patient's femur obtained during the course 
of the knee replacement operation; ss 
display means for displaying images derived 
from data held in the memory of the computer 
relating to the patient's tibia, to the patient's fe- 



mur, to the at least one tibial implant, and to the 
at least one femoral implant: and 
detector means connected to the computer and 
operatively coupled to registration means for 
registering the three dimensional position and 
orientation of the at least one bone during the 
course of the knee replacement operation, the 
detector means supplying to the computer data 
relating to the three dimensional position and 
orientation of the at least one bone; 
the computer being programmed to display on 
the display means. Inter alia, one or more of the 
following images derived from data held in the 
memory of the computer and depicting the po- 
sition and orientation of:- 

(i) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in flexion; 

(ii) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in exten- 
sion; 

(iii) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 
flexion and potential planes of cut for re- 
section of the patient's femur; 

(iv) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 
extension and potential planes of cut for re- 
section of the patient's femur; 

(v) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 
flexion and with at least one component se- 
lected from the tibial component and the 
femoral component as it will appear after 
implantation thereof; and 

(vi) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 
extension and with at least one component 
selected from the tibial component and the 
femoral component as it will appear after 
implantation thereof. 

8. A computer program for controlling a computer 
forming part of a system for use by a surgeon during 
a knee replacement operation, the system compris- 
ing: 

a computer having memory for holding data re- 
lating to size and shape of at least one tibial 
implant and at least one femoral implant as well 

as data obtained during pre-operative scanning 
of the patient relating to the tibia and femur of 
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the patient and also data relating to the three 
dimensional position and orientation of at least 
one bone selected from the patient's tibia and 
the patient's femur obtained during the course 
of the knee replacement operation; 5 
display means for displaying images derived 
from data held in the memory of the computer 
relating to the patient's tibia, to the patient's fe- 
mur, to the at least one tibial implant, and to the 
at least one femoral implant; and io 
detector means connected to the computer and 
operatively coupled to registration means for 
registering the three dimensional position and 
orientation of the at least one bone during the 
course of the knee replacement operation, the ^5 
detector means supplying to the computer data 
relating to the three dimensional position and 
orientation of the at least one bone; 
the computer program being recorded on a re- 
cording medium and arranged to display on the 20 
display means, inter alia, one or more of the fol- 
lowing images derived from data held in the 
memory of the computer and depicting the po- 
sition and orientation of:- 

25 

(i) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 
knee tensed by a tensor means in flexion; 

(ii) the patient's tibia and the patient's femur 
before or after resection of the tibia with the 30 
knee tensed by a tensor means in exten- 
sion; 

(iii) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 35 
flexion and potential planes of cut for re- 
section of the patient's femur; 

(iv) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 40 
extension and potential planes of out for re- 
section of the patient's femur; 

(v) the patient's tibia and the patient's fe- 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 
flexion and with at least one component se- 
lected from the tibial component and the 
femoral component as it will appear after 
implantation thereof; and 

(vi) the patient's tibia and the patient's fe- 50 
mur before or after resection of the tibia 
with the knee tensed by a tensor means in 
extension and with at least one component 
selected from the tibial component and the 
femoral component as it will appear after ss 
implantation thereof. 
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